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SPECTRUM SENSING ENGINE

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application claims priority under 35 U.S.C. §119(e) to
U.S. Provisional Application Ser. No. 61/163,380 ftitled
“Spectrum Sensing Engine” filed Mar. 25, 2009, the disclo-
sure¢ of which 1s incorporated herein by reference in its
entirety.

BACKGROUND

This document relates to electromagnetic spectrum alloca-
tion and utilization.

The wireless spectrum 1s usually available to any wireless
device. However, while the wireless spectrum can generally
be used by any wireless device, the devices that operate 1n the
wireless spectrum should respect other transmissions that are
occurring in the same spectrum. Examples of the other trans-
missions are digital television signals. Wireless devices can
respect other transmissions by operating in a manner that
reduces interference with the other transmissions. Interfer-
ence can be reduced by detecting transmissions in portions of
the spectrum and attenuating transmissions in those portions
of the spectrum occupied by the detected transmissions.

SUMMARY

In general, one aspect of the subject matter described in this
document can be embodied in methods that include the
actions of correlating a recerved digital television signal to a
reference digital television field sync signal; determining a
non-coherent correlation power measurement based on the
correlation of the recerved digital television signal to the
reference digital television field sync signal; accumulating a
plurality of maximum non-coherent correlation power mea-
surements over a plurality of field times; determining an
energy estimate based on the maximum non-coherent corre-
lation power measurements; and generating a transmit mask
filter based on the energy estimate. Other embodiments of this
aspect include corresponding systems, apparatus, and com-
puter program products.

These and other implementations can optionally include
one or more ol the following features. The method can
include the actions of shifting a center frequency of the
received digital television signal to a reference frequency;
filtering the received digital television signal to select a por-
tion of the received digital television signal; and converting a
sample rate of the selected portion of the recerved digital
television signal to a system sample rate.

The recerved digital television signal can be an Advanced
Television Systems Committee standard digital television
signal. The filter can be a 3 MHz low-pass filter. The corre-
lating can be implemented as the action of filtering the
received digital television signal with a finite impulse
response {ilter. The correlation power can be determined
through the action of determining a windowed maximum
power ol the correlation of the recerved digital television
signal to the reference digital television field sync signal.

The windowed maximum power determination can be per-
tformed through the actions of determining the windowed
maximum power of the correlation of the received digital
television signal to the reference digital television field sync
signal on a first window of data; and determiming the win-
dowed maximum power of the correlation of the recerved
digital television signal to the reference digital television field
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sync signal on a second window of data, wherein the second
window of data comprises a portion of the data from the first
window of data.

Particular implementations of the subject matter described
in this document can be implemented so as to realize one or
more of the following advantages. Digital television trans-
missions can be detected non-coherently. Transmissions can
be attenuated 1n a portion of the spectrum occupied by a
digital television transmission. Available bandwidth for using
a wireless device can be dynamically determined.

The details of one or more embodiments of the subject
matter described 1n this specification are set forth in the
accompanying drawings and the description below. Other
features, aspects, and advantages of the subject matter will
become apparent from the description, the drawings, and the
claims.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s an example 1llustration of devices operating 1n a
spectrum.

FIG. 2 1s a block diagram 1illustrating an example spectrum
sensing engine.

FIG. 3 1s a block diagram of an example modulator.

FIG. 4 1s a block diagram of an example energy extractor.

FIG. 5 1s a flow chart of an example process of spectrum
sensing.

FIG. 6 1s a tlow chart of an example process of determining,
a windowed maximum power.

Like reference numbers and designations in the various
drawings indicate like elements.

DETAILED DESCRIPTION

§1.0 Example Wireless Environment

FIG. 1 1s an example illustration of devices using a spec-
trum 102. The spectrum 102 can be used, for example, by a
television broadcaster 103 that 1s transmitting a digital tele-
vision signal. The digital television signal can be, for
example, an Advanced Television Systems Committee
(“ATSC”) standard signal. Each ATSC signal 1s a licensed use
of the spectrum 102 and has priority to transmit in corre-
sponding defined portions 105 of the spectrum 102. However,
the number of ATSC signals and the corresponding defined
portions 105 of the spectrum 102 occupied by ATSC signals
can vary across geographic regions. Similarly, the corre-
sponding defined portions 105 of the spectrum 102 that are
occupied by ATSC signals within a particular geographic
region (e.g., transmission footprint) can vary over time as
television broadcasters 103 add television channels 1n the
particular geographic region.

While ATSC signals have priority to use the spectrum 102,
wireless devices 104 can operate (e.g., transmit) 1n unused
portions 106 of the spectrum 102.

However, transmissions from the wireless devices 104 can-
not interfere with the ATSC signals that are using correspond-
ing defined portions 105 of the spectrum 102. For example,
cach of the wireless devices 104a-104¢ can simultaneously
use portions 106a-106¢ of the spectrum 102, respectively, as
long as the wireless devices 104a-104¢ do not interfere with
the ATSC signals occupying the corresponding defined por-
tions 105.

The wireless devices 104a-104e can be fixed or mobile.
Mobile wireless devices 104¢ and 1044 (e.g., mobile phones,
portable computers, PDAs, etc) can travel 1n and out of geo-
graphic areas that have different AT'SC signals occupying the
spectrum 102. Therefore, the mobile wireless devices 104c¢
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and 1044 can begin transmitting 1n a new geographic area at
portions of the spectrum 102 that are not occupied by ATSC
signals. Stmilarly, new wireless devices 104 can begin trans-
mitting 1n the spectrum 102 1n a given geographic region
where broadcasters are transmitting ATSC signals.

When each of the wireless devices 104a-104e are transmit-

ting 1n distinct corresponding portions 106a-106¢ of the spec-
trum 102, there will not be interference between the wireless
devices 104a-104¢ and the ATSC signals that are using the
corresponding defined portions 105 of the spectrum 102.
Similarly, when a new wireless device enters the network and
selects a portion 106a-106e¢ of the spectrum 102 not occupied
by an ATSC signal, there 1s no interference between the new
wireless device and the ATSC transmissions that occupy the
portions 105.

However, without 1dentifying the defined portions 105 of
the spectrum 102 that are occupied by ATSC transmissions
and avoiding these defined portions 105, the new wireless
device may transmit 1n a defined portion 105 of the spectrum
102 that 1s already occupied by an ATSC signal and, 1n turn,
cause interference with the ATSC signal. Similarly, when
mobile wireless devices 104¢ and 1044 enter a new geo-
graphic region, the mobile wireless devices 104¢ and 1044
may interfere with ATSC transmissions 1n portion 105 that
were not present 1in portion 105 1n the previous geographic
region. Providing data to the wireless devices 104a-104e that
identifies defined portions 105 of the spectrum 102 that are
occupied by ATSC ftransmissions can prevent interfering
transmissions from the wireless devices 104a-104e.

In some 1mplementations, a spectrum sensing engine 110
can be coupled with the wireless devices 104a-104¢ that
provide data identifying the occupied defined portions 105 of
the spectrum 102. In turn, the spectrum sensing engine 110
can generate a transmit mask for each wireless device 104a-
104e that precludes each wireless device from transmitting 1n
an occupied defined portion 105 of the spectrum 102 that
would cause interference with ATSC transmissions.

In some implementations, the spectrum sensing engine 110
can be implemented 1n stationary wireless devices (e.g., desk-
top computers, routers, repeaters, etc.). In some implementa-
tions, the spectrum sensing engine 110 can be implemented in
mobile wireless devices (e.g. laptop computers, mobile
phones, wireless microphones, etc.). The spectrum sensing
engine 110 can be implemented, for example, as a component
that 1s embedded 1n the wireless devices or as an external
module that connects to the wireless device through a com-
munications interface (e.g., USB, Ethernet, RF interface,
optical interface, or any other communications interface).

In some implementations, the spectrum sensing engine 110
can 1dentify ATSC transmissions 1n the spectrum 102 by
extracting the energy from an ATSC channel (e.g., defined
portions 105 and/or 106a-106¢ of the spectrum that corre-
sponds to an ATSC channel band) and determine a non-
coherent (e.g., non-synchronized) correlation between the
extracted energy and known ATSC field synchronization sig-
nals. By extracting the total energy from an ATSC channel,
the spectrum sensing engine can i1dentily the presence of an
ATSC transmission without recovering a field sync signal that
1s associated with the ATSC transmission. Theretore, ATSC
transmissions can be detected at a lower signal-to-noise ratio
(“SNR”) than otherwise possible.

§2.0 Example Spectrum Sensing Engine

FI1G. 2 1s a block diagram illustrating an example spectrum
sensing engine 110. The spectrum sensing engine 110 can
include a modulator 202, a sample rate converter 204, a field
sync correlator 206, and an energy extractor 208.
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In operation, the spectrum sensing engine 110 can receive
a signal at the modulator 202. The recerved signal can be, for
example, a digitized version of an RF transmission. The
modulator 202 can select the portion of the received signal
(e.g., the ATSC channel) to be analyzed by tuning to the
center frequency of the ATSC channel and filtering sideband
signals to 1solate the ATSC channel. The output of the modu-
lator 202 1s the portion of the recerved signal to be analyzed 1n
quadrature. Each quadrature output of the modulator 202 can
be passed to a sample rate converter 204 (SRC).

The sample rate converter 204 can be used to convert the
sample rate of each quadrature output of the modulator 202.
The real and imaginary components of the quadrature output
from the modulator 202 can each be recetved by a corre-
sponding sample rate converter 204. In turn, each sample rate
converter 204 can convert the sample rate of each quadrature
output.

In some 1mplementations, the sample rate converter 204
can convert the symbol rate at the output of the modulator 202
from a system sample rate (e.g., 122.2 MHz) to twice the
symbol rate of an ATSC signal (e.g., 2%10.7622 MHz) so that
an ATSC signal can be accurately decoded. In some 1mple-
mentations, an imteger relationship does not exist between the
input and the output of the sample rate converter 204. In these
implementations, the output 1s valid after a variable number
of system clock cycles that can be determined based on the
input symbol rate and the output sample rate.

Each sample rate converter 204 can be implemented with a

low order filter (e.g., fourth order) because the mnput to the
sample rate converters 204 has already been low-pass filtered
by the modulator 202 and a relatively large conversion 1s
being performed (e.g., 122.MHZz/20.12 MHz). Additionally,
12 bits of precision are required such that look up table
interpolation may not be necessary. When look up table inter-
polation 1s used, the sample rate converter 204 can be 1mple-
mented to accumulate 32 bits of the phase. The 12 most
significant bits of the phase can be used as the phase input to
a filter coetlicient lookup table.
T'he output of each sample rate converter 204 can be passed
to the field sync correlators 206. The field sync correlator 206
can recerve the output of the sample rate converter 204. In
some 1mplementations, real and 1maginary outputs can be
received from sample rate converters 204. In these implemen-
tations, the real and 1maginary outputs from the sample rate
converters 204 can each be received by a corresponding field
sync correlator 206. Each field sync correlator 206 filters the
received signals using a Finite Impulse Response (“FIR™). In
turn, the output of each field sync correlator 206 increases
when an ATSC signal 1s recerved.

In some implementations, the field sync correlators 206
can determine a non-coherent correlation between the
received signal and a reference pseudo-random ATSC field
sync signal (e.g., reference digital television signal) that 1s
modeled, for example, by taps of a FIR filter. For example,
cach field sync correlator 206 can be implemented, as a FIR
filter. The taps of the FIR filters can correspond to the pseudo-
random ATSC field sync signal to model the reference ATSC
field sync signal. Accordingly, when an ATSC field sync
signal 1s received at the mput of the FIR filters, there will be
an increase 1n the magnitude of the output of the FIR filters.

The output of each field sync correlator 206 can be passed
to the energy extractor 208. The energy extractor 208 can
receive the quadrature outputs from the field sync correlators
206 and accumulate a maximum correlation power over
ATSC field times. In some 1mplementations, the energy
extractor 208 can i1dentily a maximum correlation power by
measuring the maximum power 1n predefined windows (e.g.,
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time windows) of the ATSC field time and accumulating these
maximum power measurements into bins that correspond to
cach window of ATSC field time. When an ATSC signal 1s
present, one or more bins will have a power magnitude that
defines a power spike relative to the other bins. This power
spike indicates the presence of an ATSC field sync signal and,
in turn, an occupied portion 1035 of the spectrum 102. When
the power spike 1s detected, a transmit mask filter can be
implemented to prevent transmissions 1n the occupied portion
105 of the spectrum 102 that would interfere with the received
signal.

FI1G. 3 1s a block diagram of an example modulator 202. In
some 1implementations, the modulator can be implemented as
a Weaver modulator. A Weaver modulator can tune an ATSC
channel by shifting the center frequency of the ATSC channel
to DC. The Weaver modulator can shift the center frequency,
for example, by mixing the received signal with a low fre-
quency oscillator 302. In some implementations, the shift can
be performed to produce a quadrature pair by splitting the
received signal and applying a cosine modulation to one tap
of the recerved signal, while applying a sine modulation to the
other tap of the recerved signal.

Each of the quadrature signals can be passed to a low pass
filter 304. The low pass filters 304 can be implemented with
the same filter characteristics so that the quadrature pair 1s
filtered 1n the same manner. In some implementations, the low
pass filters 304 are implemented as 3 MHz low pass filters
(e.g., 6 MHz ATSC channel width/2) because the AT'SC chan-
nel 1s centered at DC. This low pass filtering removes
unwanted side-bands from the received signal.

The outputs of the low pas filters 304 can be mixed with a
high frequency oscillator 306. In some 1implementations, the
high frequency oscillator 306 can include a quadrature pair of
oscillators. Each of the low pass filter outputs can be mixed
with the sine and cosine oscillators to produce a real and
imaginary component for each quadrature pair. In turn, the
real component from each quadrature pair can be summed
and the 1imaginary component from each quadrature pair can
be subtracted to obtain a quadrature output. As discussed
above, the output from the modulator 202 can be passed to the
sample rate converter 204.

Although the example modulator 202 shown 1n a Weaver
modulator, other modulators that output the signals described
above can also be used.

FIG. 4 1s a block diagram of an example energy extractor
208. In some implementations, the energy extractor 208 can
extract a maximum power from the output of the field sync
correlators 206. The energy extractor 208 can square and sum
real and 1imaginary components recerved from the field sync
converter 206 to obtain the detected power of the recerved
signal. The detected power of the received signal can be
continually obtained over time.

In some implementations, the detected power of the
received signal can be combined with a time delayed version
ol the detected power of the recerved signal. For example, the
first 128 bits of a 256 bit data window of the detected power
can be stored in a delay module 402. The delay module can
include, for example, a delay register, or array of delay reg-
1sters, that can store the incoming detected power signal for a
defined period of clock cycles. In this example, the first 128
bits of detected power can be combined with the second 128
bits of detected power to form a data window from which a
maximum power can be determined. The resulting data win-
dow 1s a 256 bit (e.g., 128 delayed bits and 128 real time
samples) data window.

In some 1implementations, the 256 bit data window can be
received by a max power detector 404 that can determine the
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maximum power for the 256 bit data window. In turn, this
maximum power can be stored in a bin 406 that corresponds
to the time position of the data window relative to a field time
period. For example, the first maximum power that 1s recerved
from the max power detector 404 can be stored 1n a {irst bin
406a. Similarly, each subsequent maximum power recerved
from the max power detector 404 can be stored in separate
bins until the cumulative time represented by the data win-
dows satisfies a field time period (e.g., an AT'SC field time). In
some 1implementations, 4069 bins can be used so that the max
power for each 256 bit data window 1n ATSC field can be
stored 1n a separate bin 406.

Once the bins 406 each contain a stored max power that
corresponds to a 256 bit data window, the cycle repeats, and
the next 256 bit data window corresponds to the portion of the
field time from which the first 256 bit data window was
sampled. Therefore, the accumulated power of this portion of
the field time can be determined by adding the newly detected
max power for the current 256 bit data window with the stored
max power that 1s contained in bin 406a. Similarly, each
subsequent max power can be added to a corresponding
stored max power so that the power for each portion of the
field time can be accumulated 1n bins over successive field
times.

Accumulating the max power in the bins 406 over succes-
stve field times reveals the presence of an ATSC field sync
signal 1n a portion of the spectrum 102 being monitored. As
discussed, the output of the filed sync correlators 206 has a
greater magnitude when a field sync signal 1s received. There-
fore, the detected power of the output of the field sync corr-
clators 206 will have a greater magnitude when an ATSC field
sync signal 1s present. This increased power magnitude can be
detected by the max power detector 404 and stored in the
corresponding bin 406. Over time, this increased magnitude
will accumulate 1n the corresponding bin at a faster rate than
the power associated with other portions of the field time.
Thus, identilying the bin 406 that contains the maximum
accumulated power can 1dentify the location of the field sync
signal 1n an ATSC field.

In some implementations, the maximum bin power and
power error bars can be determined by performing a Gumbel
distribution based on the accumulated powers that are stored
in the bins 406. A Gumbel distribution 1s a particular type of
the Fisher-Trippett distribution that 1s used to determine a
minimum or a maximum of a set of samples having varying
distributions. The Gumbel distribution can also be used to
provide an error bar that 1s associated with the distribution.
Once the maximum energy 1s determined, second and fourth
moments can be extracted.

3.0 Example Process Flow

FIG. 5 15 a flow chart of an example process 500 of spec-
trum sensing. The process 500 can be implemented, for
example, 1 the spectrum sensing engine 110 of FIG. 2.

A center frequency of the received digital television signal
1s shifted to a reference frequency (502). In some implemen-
tations, the received digital television signal 1s an Advanced
Television Systems Committee standard digital television
signal. The center frequency can be shifted, for example, by
the modulator 202.

The recerved digital television signal 1s filtered to select a
portion of the recerved digital television signal (504). In some
implementations, a 3 MHz portion of the recerved digital
television signal 1s selected. The recerved digital television
signal can be filtered, for example, by the modulator 202.

A symbolrate of the selected portion of the recerved digital
television signal 1s converted to a digital television sample
rate (506). In some implementations, the symbol rate can be
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converted from a system sample rate (e.g., 122.2 MHz) to
twice the symbol rate of an ATSC signal (e.g., 2*10.7622
MHz) so that the received digital television signal can be
accurately decoded. The digital television sample rate can be,
for example, a sample rate associated with the Advanced
Television Systems Commiuttee standard. The sample rate can
be converted, for example, by the sample rate converter 204.

A recerved digital television signal 1s correlated to a refer-
ence digital television field sync signal. In some implemen-
tations, the correlation 1s non-coherent. The correlation can
be performed, for example, by filtering the received digital
television signal with a finite impulse response filter. The
finite 1impulse response filter can have tap coetlicients that
correspond to the reference digital television field sync sig-
nal. The correlation can be performed, for example, by the
field sync correlator 206.

A non-coherent correlation power measurement based on
the correlation 1s determined (510). In some 1mplementa-
tions, the correlation power measurement can be determined
by determining a windowed maximum power. The non-co-
herent correlation power can be determined, for example, by
the energy extractor 208.

Maximum non-coherent correlation power measurements
over a plurality of field times are accumulated (512). In some
implementations, the accumulation can be performed by bin-
ning each of the plurality of maximum correlation power
measurements 1nto corresponding bins. The accumulation
can be performed, for example, by the energy extractor 208.

An energy estimate based on the maximum non-coherent
correlation power measurements 1s determined (514). In
some 1mplementations, the energy estimate can be deter-
mined by 1dentifying a maximum accumulated power 1n the
corresponding bins. In some implementations, the energy
estimate can be determined based on a Gumbel distribution of
the non-coherent power. The energy estimate can be deter-
mined, for example, by the energy extractor 208.

A transmit mask filter based on the energy estimate 1s
generated (516). In some implementations, the transmit mask
filter can be implemented as a finite impulse response filter.
The transmit mask filter can be implemented, for example, by
the spectrum sensing engine 110. The transmit mask filter 1s
used by a transmitting device so that transmissions over the
portions of the occupied spectrum are precluded.

FIG. 6 1s a flow chart of an example process 600 of deter-
mimng a windowed maximum power. The process 600 can be
implemented, for example, 1n the spectrum sensing engine
110 or the energy extraction engine 208 of FIG. 2.

The windowed maximum power of the correlation of the
received digital television signal to the reference digital tele-
vision field sync signal on a first window of data 1s determined
(602). In some implementations, the windowed maximum
power can be determined based on 256 samples of data. The
windowed maximum power can be determined, for example,
by the energy extraction engine 208.

The windowed maximum power of the correlation of the
received digital television signal to the reference digital tele-
vision field sync signal on a second window of data 1s deter-
mined (604). In some implementations, the second window of
data can include a portion of the data from the first window of
data. For example, the second window of data can include 128
data samples from the first window and 128 new data
samples. The maximum power can be determined, for
example, by the energy extraction engine 208.

Embodiments of the subject matter and the functional
operations described in this specification can be implemented
in digital electronic circuitry, or in computer software, firm-
ware, or hardware, including the structures disclosed 1n this
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specification and their structural equivalents, or 1n combina-
tions of one or more of them. Embodiments of the subject
matter described in this specification can be implemented as
one or more computer program products, 1.e., one or more
modules of computer program instructions encoded on a tan-
gible program carrier for execution by, or to control the opera-
tion of, data processing apparatus. The computer-readable
medium can be a machine-readable storage device, a
machine-readable storage substrate, amemory device, a com-
position of matter effecting a machine-readable propagated
signal, or a combination of one or more of them.

A computer program (also known as a program, soitware,
soltware application, script, or code) can be written 1n any
form of programming language, including compiled or inter-
preted languages, or declarative or procedural languages, and
it can be deployed 1n any form, including as a stand-alone
program or as a module, component, subroutine, or other unit
suitable for use 1 a computing environment. A computer
program does not necessarily correspond to a file 1n a file
system. A program can be stored 1n a portion of a file that
holds other programs or data (e.g., one or more scripts stored
in a markup language document), 1n a single file dedicated to
the program 1n question, or in multiple coordinated files (e.g.,
files that store one or more modules, sub-programs, or por-
tions of code). A computer program can be deployed to be
executed on one computer or on multiple computers that are
located at one site or distributed across multiple sites and
interconnected by a communication network.

The processes and logic flows described 1n this specifica-
tion can be performed by one or more programmable proces-
sOors executing one or more computer programs to perform
functions by operating on input data and generating output.
The processes and logic flows can also be performed by, and
apparatus can also be implemented as, special purpose logic
circuitry, e.g., an FPGA (field programmable gate array) or an
ASIC (application-specific integrated circuit).

Processors suitable for the execution of a computer pro-
gram include, by way of example, both general and special
purpose microprocessors, and any one or more processors of
any kind of digital computer. Generally, a processor will
receive instructions and data from a read-only memory or a
random access memory or both. The essential elements of a
computer are a processor for performing instructions and one
or more memory devices for storing instructions and data.
Moreover, a computer can be embedded 1n another device,
¢.g., amobile telephone, a personal digital assistant (“PDA”),
a mobile audio or video player, a game console, or a Global
Positioning System (“GPS”) receiver, to name just a few.

Computer-readable media suitable for storing computer
program 1nstructions and data include all forms of non-vola-
tile memory, media and memory devices, including by way of
example semiconductor memory devices, e.g., EPROM,
EEPROM, and flash memory devices; magnetic disks, e.g.,
internal hard disks or removable disks; magneto-optical
disks; and CD-ROM and DVD-ROM disks. The processor
and the memory can be supplemented by, or incorporated 1n,
special purpose logic circuitry.

While this specification contains many specific implemen-
tation details, these should not be construed as limitations on
the scope of any mvention or of what may be claimed, but
rather as descriptions of features that may be specific to
particular embodiments of particular inventions. Certain fea-
tures that are described 1n this specification 1n the context of
separate embodiments can also be implemented 1n combina-
tion 1n a single embodiment. Conversely, various features that
are described in the context of a single embodiment can also
be implemented in multiple embodiments separately or 1n any
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suitable subcombination. Moreover, although features may
be described above as acting in certain combinations and even
initially claimed as such, one or more features from a claimed
combination can in some cases be excised from the combi-
nation, and the claimed combination may be directed to a
subcombination or variation of a subcombination.
Similarly, while operations are depicted 1n the drawings 1n
a particular order, this should not be understood as requiring
that such operations be performed 1n the particular order
shown or 1n sequential order, or that all 1llustrated operations
be performed, to achieve desirable results. In certain circum-
stances, multitasking and parallel processing may be advan-
tageous. Moreover, the separation of various system compo-
nents in the embodiments described above should not be
understood as requiring such separation 1n all embodiments,
and 1t should be understood that the described program com-
ponents and systems can generally be integrated together in a
single software product or packaged into multiple software
products.
Particular embodiments of the subject matter described in
this specification have been described. Other embodiments
are within the scope of the following claims. For example, the
actions recited in the claims can be performed 1n a different
order and still achieve desirable results. As one example, the
processes depicted 1n the accompanying figures do not nec-
essarily require the particular order shown, or sequential
order, to achieve desirable results. In certain 1implementa-
tions, multitasking and parallel processing may be advanta-
geous.
What 1s claimed 1s:
1. A method of identifying digital television transmissions,
comprising;
selecting a channel that 1s defined by a start frequency and
a stop Ifrequency;

correlating a signal received over the channel to a reference
digital television field sync signal that 1s transmitted
over a field time period for a digital television broadcast
signal, the field time period being an amount of time over
which field sync data are transmuitted;

for each of a plurality of field time periods:

determining, for a first window of data representing the
signal received over a first portion of the field time
period, a first non-coherent correlation power mea-
sure for the first window of data, the first non-coherent
correlation power measure being determined based
on the correlation of the first window of data to the
reference digital television field sync signal;

storing data representing the first non-coherent power
measure in a delay register to create a delayed data
sample;

determining, for a second window of data representing
signal received over a second portion of the field time
period, a second non-coherent correlation power
measure for the second window of data, the second
non-coherent correlation power measure being deter-
mined based on the correlation of the second window
ol data to the reference digital television field sync
signal;

combining data representing the second non-coherent
correlation power measure with the delayed data
sample to create combined power data

accumulating the combined power data over the plurality

of field time periods;

determining an energy estimate based on the accumulation

of the combined power data; and

generating a transmit mask filter based on the energy esti-

mate.
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2. The method of claim 1, further comprising;

shifting a center frequency of the signal received over the
channel to a reference frequency;

filtering the signal received over the channel to select a
portion of the signal; and

converting a sample rate of the portion of the signal
received over the channel to a system sample rate.

3. The method of claim 2, wherein the signal received over
the channel comprises an Advanced Television Systems
Commuittee standard digital television signal, and wherein the
filter comprises a 3 MHz low-pass filter.

4. The method of claim 1, wherein the correlating com-
prises filtering the signal received over the channel with a
finite impulse response filter.

5. The method of claim 1, wherein accumulating the com-
bined power data over the plurality of field times comprises
binning the combined power data for the plurality of field
time periods 1nto corresponding bins.

6. The method of claim 5, wherein determining an energy
estimate based on the accumulation of the combined power
data comprises identilying a maximum accumulated power 1n
the corresponding bins.

7. The method of claim 6, wherein 1dentifying the maxi-
mum accumulated power comprises performing a Gumbel
distribution analysis of the accumulation of combined power
data in the corresponding bins.

8. The method of claim 1, further comprising extracting the
second and fourth moments from the energy estimate.

9. A spectrum sensing system, comprising:

a channel selector to select a channel that 1s defined by a

start frequency and a stop frequency;

a field sync correlator to determine a non-coherent corre-
lation between a signal recerved over the channel and a
reference digital television field sync signal that 1s trans-
mitted over a field time period for a digital broadcast
signal, the field time period being an amount of time over
which field sync data are transmitted; and

an energy extraction engine coupled to the field sync cor-
relator to determine a non-coherent correlation power
measurement by performing operations including:
for each of a plurality of field time periods:

determining, for a first window of data representing
the signal received over a first portion of the field
time period, a first non-coherent correlation power
measure for the first window of data, the first non-
coherent correlation power measure being deter-
mined based on the correlation of the first window
of data to the reference digital television field sync
signal;

storing data representing the first non-coherent power
measure 1n a delay register to create a delayed data
sample;

determining, for a second window of data represent-
ing the signal received over a second portion of the
field time period, a second non-coherent correla-
tion power measure for the second window of data,
the second non-coherent correlation power mea-
sure being determined based on the correlation of
the second window of data to the reference digital
television field sync signal;

combining data representing the second non-coherent
correlation power measure with the delayed data
sample to create a combined power data;

accumulating the combined power data over the plural-
ity of field time periods; and
determining an energy estimate based on the accumula-
tion of the combined power data.
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10. The system of claim 9, further comprising:

a modulator to shift a center frequency of the signal
received over the channel to a reference frequency and
filter the signal recerved over the channel to select a
portion of the signal received over the channel; and

a sample rate converter coupled to the modulator to convert
a sample rate of the selected portion to a system sample
rate.

11. The system of claim 10, wherein the signal recerved
over the channel comprises an Advanced Television Systems
Commuittee standard digital television signal, and wherein the
filter comprises a 3 MHz low-pass filter.

12. The system of claim 9, wherein the correlator com-
prises a finite impulse response filter.

13. The system of claim 9, wherein the energy extraction
engine accumulates the combined power data for the plurality
of field time periods into corresponding bins.

14. The system of claim 13, wherein the energy estimate 1s
a maximum accumulated power 1n the corresponding bins.

15. The system of claim 14, further comprising identifying
the maximum accumulated power comprises based on a
Gumbel distribution analysis of the accumulation of com-
bined power data in the corresponding bins.

16. The system of claim 9, wherein the energy extraction
engine 1s further operable to extract the second and fourth
moments from the energy estimate.

17. The system of claim 9, further comprising a transmuit
mask {filter to control an output of a transmitter based on the
energy estimate.

18. A device, comprising:

means for selecting a channel that 1s defined by a start
frequency and a stop frequency;

a field sync correlator to determine a non-coherent corre-
lation between a signal recerved over the channel and a
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reference digital television field sync signal that 1s trans-
mitted over a field time period for a digital television
broadcast signal, the field time period being an amount
of time over which field sync data are transmitted;

means for determining, for a first window of data repre-
senting the signal recerved over a first portion of the field
time period, a first non-coherent correlation power mea-
sure for the first window of data, the first non-coherent
correlation power measure being determined based on
the correlation of the first window of data to the refer-
ence digital television field sync signal;

means for storing data representing the first non-coherent
power measure 1n a delay register to create a delayed
data sample.

means for determiming, for a second window of data rep-
resenting the signal recerved over a second portion of the
field time period, a second non-coherent correlation
power measure for the second window of data, the sec-
ond non-coherent correlation power measure being
determined based on the correlation of the second win-
dow of data to the reference digital television field sync
signal;

combining data representing the second non-coherent cor-
relation power measure with the delayed data sample to
create combined power data

means for accumulating the combined power data over a
plurality of different field time periods; and

means for determining an energy estimate based on the
accumulation of combined power data over the plurality
of different field times.

19. The device of claim 18, further comprising a transmit

mask filter defined based on the energy estimate.
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It is certified that error appears in the above-identified patent and that said Letters Patent is hereby corrected as shown below:

In the Claims:

Claim 1, Column 9, Line 51 — delete “representing” and insert -- representing the --, therefor.
Claim 1, Column 9, Line 61 — delete “data” and insert -- data; --, therefor.

Claim 18, Column 12, Line 14 — delete “sample.” and 1nsert -- sample; --, therefor.

Claim 18, Column 12, Line 25 — delete “data” and insert -- data; --, therefor.
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